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(54) OFDM DEMODULATOR 




(57)Abstract: 

PROBLEM TO BE SOLVED: To attain 
excellent demodulation by eliminating the 
effect of inter-symbol interference(ISI) in the 
case that a delay time of a delay wave 
generated in a multi- path propagation line 
exceeds a guard interval period. 
SOLUTION: In the orthogonal frequency 
division multiplex(OFDM) demodulator, a 
variable delay section 3100 delays a correction 
complex signals output of an adaptive filter 
section 30 by a valid symbol period + ar, a 
complex multiplier 3101 and a sum average 
arithmetic section 3102 apply correlation 
arithmetic operation after and before the delay, 



integration arithmetic sections 3103, 3104, square arithmetic sections 3105, 3106 and 
an adder section 3107 apply their respective operations to real and imaginary parts, of 
the result to obtain a correlation square signal. Furthermore, by means of a tan-1 
arithmetic section 3110 a phase rotation angle 6 is obtained from the result of the 
integration arithmetic operation. A peak detection/hold section 3108 holds the a and 
9 at a peak value of the correlation square signal. According to the operations above, 
each estimate value of a delay time of a delay wave, an amplitude ratio of the delay 
wave to a desired wave, and a phase difference between the desired wave and the 
delay wave is found, and a filter coefficient generating section 3109 generates a filter 
coefficient from each estimate value and provides an output to an adaptive filter 
section 30. 
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HUI20 F DM(I -§-i;:ftfi£*i,T<^3jiSSi££rJ£ffi Lt, 

* 5 a:&jaj&&&*i#£XjgMr s o f 'dmb** a 

^-CHuffi«^^ootti^ic7)S<f 7-*— * nffilEZfr b Wi& 

wit^mb, 

fiulSO F DMft***3b-»'sK/uJW|ilJ + a (ffi L a (iS 
*) OJWIR|iljig$*SJS«#R, HufEOFDIvUf-^irBU 

£.^fkzffiz.zmMWimm&&b&Mrffi-fz>zb zwm 
b-tzoFDMmffimm* 

K W5b •> >• sffywffl H K *f L TiS@f$ K MS # L T 
A5ifc»aiiS##«#*&W«*fcao F DMffi^SrA 
L, 7 -f /W* ro«H4^ffiiW-f S jgit^ ^ /u^#,-»Jfai 

it-^-tcs-^t >Tmrfeo f DMiitt7^w y > ^-rs 
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& v^rf^Jffl K<?>^» 6 Sff SflMf # £ Sit x — * 3r« 

mrzmm^fkb. 

10 (iaUoH:«F«c)-<o»IWi!iS**5iB38i#a, mflEOF 

miatiia»3i#a<offi**»6>'i)inEOFD 
Mm#{-aa^ttT^5ffiMK^^mLT, luteins 
^ Ar**mnmm aircajc-7 * a-* ^at-uts 

A*#,^±^a,K.U\ fiufEOFDMti 
20 ftiSttSOFDMMliE, 

■ wa^jf^awai^j^ ib, wiaoFDM«^-»c:fta$ 
m -^sr*:* ari zttmb-fzmxm 1 4^113 {ciem 

roOFDMflgl. 

^«^#acoai^(c*J- LT l fe^-»-^/uWF^Wi<OM 
30 (M^O) [al«ilf 5:St«Mf i 

<o«^^a«oaiA^ib, mrfEOFDMffi-^-^fia^ 

i*m«r«tffl LT, HfrfSi*F B l7 ^ /u*#,^f&J#pf§#4r3fc* 
Sit 1-5ffi*JS 2 * fcli 3 {c|E«<00 F DM 

s^^awiiaffi^&^asm^^^-eixjc^LT 

2*tt*!li*fc«lft*Me[*J|[«:lfi^2*«[4fcttJft*rjB 
tt 3iCC*M>0 F DMfiagt. 

50 rwJn©^^awm^^e>HfrfE«Ffl7 
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*fcf4 3 KHE*tf>0 F DMfigto 

fit fc -r^fS*:* 6 fclffi<ft<7> O F DMSlgf 0 

imxmi o] «reaflS7-<yu*4R*«ife*««:, lm 

S (Least Mean Square ) TA-^y XA, £fcf±R L S 
(Recursive Least Square) 7/U^!j X^^^Mffl^ 

x mmmfc ? 4>\>* «wjf«t^^ * * s ^ t «r »» t 

7, 9 OV^ftl^|^iStt(7)0 F DMUgl, 
£-T3fit>RJg2, 3, 5, 7, 9 COV ^^^CfSifecoO 

•f^tclEfficoo F DMfKMSB. 

Sr«p«i:i-5»*JS4, 5, 8, 11, 12 0^ftl^ 
[0 0 0 1] 

fi (OFDM (Orthogonal Frequency DivisionMultipl 
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ex) ) KH^*<D«W3SBfcBBU Wfc-TA^v^e 
[0 0 0 2] 

[0 0 0 3] KTlCOFDM^rSCOflEKJCoV^-CKWt" 

[0 0 0 4] 1)14(1, a»«jtffl^6ix50FDMa 

■■HS«fC«, flijifi, #M (QPSK, 1 6 QAM, 6 
4 QAM* if) KaS^fcft^fcSa^^— ^3ftS«*& 
20 £2x£ 0 -^ff-^lilFFT^fSll, K 

• mmmmi 2 tfrhm&istvz 1 ffts&i otc#t|& 

[0 0 0 5] CI CO I F FTStlSSB 1 1 li, H^bftV^e 
45 A- Sr * ix-PixPMSM "C a ^ \c WB&r 5 * 

:/*ir y rictus -cr i FFTiS»4:ffinit\ jh 

30 5 0 r tlf: .J: o t^v/>^>Mf«lT u (^O F DMf i 

I F FTSISi i<o#-f ^>ac»cJ:oTKSSix5o 
I FFTfltHttl lfdio-COFDMSCSHSiXfce^ 

[0006] r. K-fflMf+aoffl i 2 ii, -±iBea6s/ 
^■*ynn»i«^aor 1 fft$i».i 

40 JBWJTs (=Tu+Tg) Of^M-^yKOF 
tlfcfv?^/^- KOFDMll^7t- h 

T g^f+JD$nfc^^^/U-<— KO F DMff 

[0007] rcoit^pisp 1 3 «u its 1 fft»i 

0 "CWbixfer v^^/^— V KO F DMlS^rv 5 

#/u/rto^» (D/A» «i/:fi m&m 

mm I 4t?#6ix5*«jaft»c4r + ^JBj6»t LTff^ 
50 ^H£*SU («T, IF*4t^) * 



5 

[0 0 0 8] ±fdT^#iQ^7tOFDM^fm-^^ 
S<fi-5 0FDMaW8»tc:ov^Ell 6*fflu^TSftM 

[0 0 0 9] B16I4, Jtifit I EE Conf. Publ. , No. 41 
3, pp. 122-128 (1995) CD3-0FDM : ANew Channel Estima 
tion Method to Improve the Spectrum Efficiency in 
Digital Terrestrial Television Systems fdfciftcOO 
F DM«»gl«^fyp 5/ ^ 0 ^<DO 

fcOF D M3E 2H iotMJtlfeOFD M^tm 

[0 0 1 0] -HI 6fc*3^T, ifcg^gtf 2 Of*, ±IE 
OFDMSifif^A^U JWStRS2 l-CWfeftfi 
3gMJI] J: o Tteagf^r £ C <fc T\ .IFltfcH: 
R F fficOO F DMglUf^b^^^y KOF DMlf 

tft) ^St- 9 7*^/1^*— KOFDM* 

-^^f^t^o rcOxv^A^— KOFDMftf 
KfflWBft** 2 3 , FFTgfS2 4 fc3&*6«« 
3*L*FFT8&2 2^«»S*L5 0 . 
[0 0 11] KX9PQI»±A2 3f±, ID^Lft^ 

FbC : £& : £fifr7-*i/?sl"<~ xs<^ KOFDMfff 

/«tuoii^fft mm^—v^m mwn 

[0 0 12] rcQFFT«*«J5 2 4 ft, ±lB45i£>'VsK 
A-P Wit ^-tcft o X , #3& v- ^zKyuXHIHI T u cojf -^tc f 

ea^— ^kissm- tx\ mk^mmfem+y-?^^ 

*^«:#6 0 FFT»»»2 4^e><0«aiai*fi«?|g« 

[0 0 13] Wx(^KMcOia±xv ? ^>'V-5r u-t* 

v^3VSjca6^^7 L ^oa» (DVB-T)' Europe 
an Telecommunication Standard Draft ETS 300 744, D 
igital broadcasting systems for television, sound 
and data services; Framingstructure, channel codin 
g and modulation for digital terrestrial televisio 
ntCf£yt£tL-Ci^£ -J; DV'B-Ty^rACfe^ 
"Cfi, i^«(^OFDMlESB3SR(c:*5Vvx^«)««, 

[0014] :^i^e>, ±E*»«wi:aB 2 5 gE 
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FFTS2 2^^«Wtifcl^^yr/ur- 
[0 0 15] £C<5r% OFDM^JUSCli, 

fflMfCfc^Ttt. V-V^VUP^^ (J^TISI (Inter 
10 Symbol Interference ) 1 ^ 5 ) tfi'3£&t¥\ r.C0%M 
ft<o#»^>*yuJWIBTuOFFTi»*S:fi5CiifcJ: 

*#5CtmSo ISDVB-Ti/^fAtlj:, ft 
. mm\M2 5K:fcs^T, Sit^-f-p y h3ft^iSiS**cJ: 

[0 0 16] 

20 [JSWtfJIBfcLJ: 5 if S.RIH] L**Lftis&v ±E* 
J:50F DMgS8f«, jay * 

^«IWTgS:«iS-(t>Tg) ilSI^tU 

[0017] corti^ «x.tfx«, m&mn^r^ 

r^#ff Vol. 51, No. 9, pp. 1493-1503 (1997) rjgjgft 
^OFDMgSC4i5Mj fclEiCSftfe!?, 
cOjiJgBMH]* K>f y^<;ufflf|T g £jg;t5 ( t 

30 >Tg) lom^^V#/^#a^*^JHIBTu 

5 0 S&K, D/U (*aS£<ZV*!7 — /m&Wi<ns<9 
[0 0 18] ffi^^.lO@ft[i, ±.m<DffiM&M&: 

i:*j^tt i s i<D&m£m<o$kz. mmmtux^h 

O F D MSIB iSB Sr 5 C <t 5 . 
[0 0 19] ■^^<*e*Kfc:m*T, 

50 ^JcHE-TSr. t^prtgx-fcS^, 4#tc N teC/N 
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t max >^/<^mmr g ct 

(traax <Tg) ±efiiSKf£:«<0_ 

[0 0 2 0] *3BMO»2^B i «jtt, ±KBJH4:ll«fc 

JL^f*! (r^Tg) -C\ Sffi&OS^iS^ra t max 

— My^/V«Tg (traax <Tg) t 

[0 0 2 1 ] 

rit-Cfe 5 ggJWtt^ ftifcfcra^»fr & n f niv/rJg-ft 

jagg S * l mr fgjg^,z_ Z± £55EaS I 

[0 0 2 2] ±IE»JHS:»*.Lm2C0BWSr^f 5fc 
*8Wlc:«50FDMaSBKIii, K*nofg*g, 

■»*450FDM« -^£A2jU 

+ a (fiLLatefigc) co&ffliljg £^ 5 igSg^a, 

O F DMlf^-t mfieiSS^aoffi^ 1 0)ffiBSS£«:tT 5 

«B8«j|c^a&v, MisffiBS^^a^ffi^^^wrieo 

F D Mil -g- *c fia S ft X ^ 5 K 4 > $ y VHW M £A 
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MMt LanE»»»<t#aK:tH*-*-a 7 -r >\s9 

««k«^*a*«**ii«ft*a*ai:t*iii-6±5 

[0 0 2 3] ±EBBHS:»*L»l&V*2<OBWS:PI 
B*J-Srici-5fe*^, **Wfc«5 0FDM8«l3g« 

»iaft»««coi^^— ^tc:lfA$ix-C*3f9, .HS&v' 
10 >#^fflW»cj#L-CiBia»K:tttll# Lfc««-C4>5B[«. 
lc*-5l/^-C«TlEOFDM«#S:7-f /t-* J) 

-coigj^^^/u^^a^ffi^^fr^b^ 

511^^, ii^aW^a^Hi/j<7)S«£flS«^b 

fflraajs^ssse^a, swaoFDM«#i:«fEjii6 
*aoffl*tco«Ba*ii£**^tt'Baj»j!t*a&w mria 
taH»**a^m*^fe«riaoFDM«#^a*s^T 

#^3§£^a&U\ (BnEOFDMft^MStfCV^S 

«b*a»-aAt-»»iin7^/u>«ft«4*a«:«i*.6 

[0 0 2 4] 

[0025] mi <omm<Dmm) m 1 wt, 

5 m 1 ©*li^**»c*5*t 5 O F DMfl[|lieK0D«IA«: 

[0 0 2 6] Blfc*3l^"C\ 0C!mODVB-T*»Jc:2p 
40 bfcO F DM<S -g-Sr^f 5 O F DMflgtC ± 5 26 

CWCtotS&tlfc I FffifSfcHRFf^OFD 
OFDMW»6ti5, vl^irf, s f^9)^^— 

-<-^^> KOFDMit-^- (JL^T, ajRtS#i:^5) l± 
50 a^7-fyu^ffl3 Otci^^JxSo 
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[0 0 2 7] Z.V>mi&7 4^*1813 0(4, «T»Wt5 

■fmm^m^th. m.mm^m^:-m^y ^9 y 

LT.1*:Ett*«-8-I +Q*±/*i-*. £ro*ftIE*JlHt# 
I + Q IftSJgttE&mffli 3 1 M F F T g|J 3 2 tc^t^ $ 

to o 2 8] #i;U4, }ttfc&&&^/\s^s<*&m&<D 

<J >?-tZ r t zS5T-# 5 J; p fc, * y fflffl-rz 
[0 0 2 9] — *\ FFT#5 3 2(4, H;j*Lfc Vi'i'il? 

Q«rW»<fc«*«5»iE**f9#i + QfcSE!M-« ! . - w 
JS*#ffl*W>*&jE«aM3-^ I +Qli&B^tH5 3 3 icm 
*&$ftS. 

[003 0] jSJg^-fbSP 3 3 14, gE*D<£>j£<t'<-f y h 

[0 0 3 1] err*, ±!EglS:7-(VU*S|3 3 014, fljx. 
(4E1 2 ic^-T i 5 tctH/ST-f 5. 12 iz^-rmft^ -f ^ 
*g|$30t4, n-ieoit^;l/gSjSdo , d a , 

„-! conisro^yT* mm^^f) po , p, , — p 

[0 0 3 2] ±IEiSJS&^ttS«S5 3 1 14, ^JxliH] l (c^ 
(T u ) + a ^iS^ 3 10 0 MT/KSSIfllgLgl 3 1 

oicM^ns, mstoi/^rtsismffl (tu) + a"5T^ 

igjg»3 1 0 014, ±fE«3E«Kim-§- 1 + Q 

#/hwm (tu) +oyt*»tiSjisd-e-fcajgi*jEa*ft* 

+ Qd «)*S(i*asri:ofcjSjBH*jEa**a(t#-i B - 

M«x*iMg3 1 o i<r>-x<nAtimzmft2tiz> 0 * 
fc, ±.&.&iEmmm # i + qi4, m3tsig.fi 3 101© 

®^Pfai4, fMDP«B3 l l i*»6#c»Sft5*JHP«*»c:J: 

y^fcU ^0^1814 (Tu) +a (a(4S») eDg&ffl 
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[00 3 3] ±tmmmW$s 3101I±, ±IEMlEiS* 

Qo ) - ( i Qd -q i d ) (4, mw^mmus 1 o 

2izm%:tstiZ. £<BfloJMPi9»*«5 3 1 0 2(4, 
kwm (T g ) w^imsj&If^ffi-rsfcw-e, 

3*&* (Sn+S„) - (Siq-S Q i) 14, ±IEMlEa 
I+QiTu + a WP«fli§jffi£*l,fca*SttIE«8Mf 
fU +Qo £9ffiH**&ttLfcilS*£fc.5. 
10 Sl^WHSB (S tr +S QQ ) tt«$Hd|*«3 l 0 3fc, 
Eggfl (Si Q -S Q i) (4a5>!l?^Sl5 3 1 0 4izW&£tl 

[0 0 3 4] e<D«#i£C||«53 1 0 3, 3 1 0 4 Wtfn* _ 
3 1 0 2<DWrta»&j|**j*#ro»ffi«rfr5'b 
WC, ^lx.14. 13DTti?|;Mf#5„ o*»J, 
B3H*JI/^T. a^*Ht«3 1 0 3, 3 10414, Dug- 

m 4 o , stflSigv' vjk^wf^t s a^si5 4 1 k & <o m 

20 [00 3 5] roa^SratgB 3103, 3 1 0 4 14, Jh 
&M&¥mm&U3 1 0 2<Dtiif) (Sir+S QQ ) , (S 

iq-Soi) oeafe^^xKyUfflWT s jiwmffiwaf^S[» 
&ft?mift$:-rZo Sf^lal^M (MS0T'M=0C0 

i#l4a^^L^^t-T5) 14, WJ#«B3 1 1 l^^tt 

*&^fts y?isy -y*.m a <o ima-tixm , y 7 

u y *y 3.fI-?-i4, ±IEI I R7-fyw^^a?)gt«5eti-fc 
H^BftMCl Lfc t # (C-g^ y-^^mm T s ®@gJ5 
4 1 rtSPCDU^^^^ y 7Ur7a L "0" ifS, i 

30 iSiiS^ffl 3102 a#<o**»ffi»*jiSMl*i- *3b*as 

[00 3 6] 8[^8ty«3 1 0 3 0jMU»£ (S ri + 
S QQ ) tt, 2^fflS»SB3 1 0 S&VT — ^^^-^V 
hSI^SP ( t a n" 1 C ] ) 3 1 i 0O-^A*Sf 
t-, a^«*»3 1 0 4^Sl**S*S (S t Q-S Qr ) 

2*ilSl»a53 1 0 6M7^^yyx>h«i|[ 
SB 3 1 1 OCD^cOA^ffi^^^l&^tL^o 2^fiS^ 
SB3 10 5, •3 10 6^1^11 2 *|t*||[ 

3d«16S*t, -t^*HCfir* { £ (Srr+SoQ) } 2 , [£■ 

40 (SrQ-S QI ) } 2 tt, J)D^3 1 0 7fC«»S*>6 0 
MKtSi 3 10711 2 ^fitSSSP 310 5, 3106CQ 

S QQ ) } 2 + {Z (S IQ -S QI ) } 2 fifcf— *J£ffl-{S. 
l#«fP3 1 0 8co— ^c0A*fl»iPtc:flt*&$ix6 o 
[0 0 3 7] hW9Fffi3 1 1 o 

®^iS^<fB3 1 0 3, 3 1 0 4 0ffi^S (S ir + S 

qq) , 2 (Sro-Soi) tC^fL-C, {Z (Siq-Sqi) 

/Z (Sii+Sqq) } OT-^^y^yhSI (ta 
n-MS (Sxq-Sqi) /I (Sxx+Sqq). ] ) fcHrt- 
50 tOT, -t<7)*||[»*fifcr-^«ia • i^RP^3 1 0 8 CD 
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[0 0 3 8] ^C0 • «l#ffl5 3 .1 0 8(4, ±C 

JP»S3 1 0 70S^*fflA (X (Sxi+Sqq) } 2 
+ (Z (s IQ -s Qr ) ) 2 te**LTBfft^WB«*** 

tt, »J»»3 l l l36»&«**n»««H»-».*c*^x-c 

t#»J#P«3 1 1 l^fe^ab^V^JBM (Tu) + a 
^T8C««« 3 1 ' 0 0 *C * tt 5 a tt t tT- ^ * ffi • « 

«»*£»3 1 O 9^«*&S*L5. 
[0 0 3 9 ] .^^7-fyu^»384:ffl5 3 1 0 9 14, tT— 

fE^gft^ >\>$ 3 o co<^ 7mk*um*tz>* y -fvm 

[0 0 4 0] ±f£FFT^3 2(4, ^Jx.tf0 1 6 KItf L 
fcF FTffi 2 2<7>«fc 5 5b u(OFFT»22 

[0 0 4 1 ] ±e«jf5«Mfc« 3 3(4, #Ix.li0 4tf>J: 5 
ICflMlT?**,, r^fe^^bSP3 3 (D»^tCo^TI2]4 

[0 0 4 2] CCC, ^n#g<7D>-V3j>VKD^k#@CO 

SSi«rofl*»«*SttftttY(n l k) tts a 
CQ£$Y(n,k) = X(n,k) H(n,k) +N(n,k) <D.m&tf 

^^X(n,k P ) , :<D/^ny Kt^c^hEfi-^SSWW 

[0 0 4 3] EUtCfcl^-C. »?K^fc«fl$3 3*CA**tU 
feFFT«i3 2^5>oaiMtY(n l k) 14, ttaKfiftJFft 
#ft3 3 0RXmm^ftiHmiBi3 3 3fc:flW&£*L5o « 
»ft#ftffft3 3 Oft* g«^oymfY(n,kp ) 
SriSfflr^^-Y ci y MS^«B3 3 l a>«S£Sft5iS*n<z>a£ 
If^n^ Mf#X(n,kp ) '-CBftWftUCSrlt'f 

^f^o -<£>£#H' (n t k P ) = Y(n,k P ) /X(n, 
k P ) =H(n,k P ) +N(n, k P ) /X(n,k P ) <DM&& 
^c«93ao 0 roiflH' (n,k P ) 14, aB7^^» 
3 3 2lcM^tl5 0 

[0 0 4 4] lB7-f7^»3 3 211, WRftJS^tfG 
(n.k) -e*>5^-fyu^-efo0, — ^Wt-G(ti, k) coiii® 
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i««liTg/Tu { = Y 4 1/ $ ^;V$m/^Ws 

*gfl3 3 2f4, ±K*t«ttH / (n,k P ) SrG(n,k) K.X 
9IIIWU aSfll^— *«#X(n.k) (flU k^k P ) 
Kifpffli-seaSttlC^FH' (n,k) triftJBi- So ccodrt 
H' (n,k) = H' (n,kp ) G (n, k) = [H(n,k P ) + N 
(n,kp ) /X(n, kp ) } G (n, k) Wiiffi^^io, £ 
cOti^SH' (n,k) 14, «**»«H[«3"3 3ldfltS&$ 
tl, SflMt*Y(n.k) ftiEKI^H' (n,k) -eRftHtft 
10 g^^iTw<tKJ;9x-*m^X' (n,k) ^M^-T5o 
CCOi-tX' (n,k) =Y(n,k) /H' (n, k) OBi#^ s fi)c 

. [0 0 4 5] fiU^idfc, tt»*Mb«B3 314, gE*no 
U FFTSB3 2^<b#f^StLfca[S^!;T/Ux — ^JC 

[0 0 4 6] ±KMRB:7-f A-*«&3 3 2(4 S 0fJx.f4, @ 

20 do , d 1( *d<„- Z ) C0n-lfl, *y^«*«3flS* 

r o . r ! , -r^-! cOnfH. &VJD-JHI3 3 2 0 i^ 
bWFIR (*»«>f W^U^JS«:) ^^/U^O«^)c 

[00.4 7] ^tc, **Mld«S»l<0||J6^«0* 

30 i ^^#M«^aj^«ife^<o2&^/^y^x^asK 

[O 0 4 8].o$9 t 0 6 (a) X 0 

i6 (b) J: ptcilSifi -x^OK^S) 

A (I + jQ) "c > e=AI Tl e + jAQ T . at* 

$*tsa*fs^tt, S6 (c) itCTr^iio^mm^m 

40 Sft^SfiS^iXfcJK. (I+AI e) +j (Q + AQ 

[0049] &nm&mz$>rt zwifrnxwte. r 
a' 7#MSIa^«^sfi^jc^(t sSSge<D«g 

^ " " ^ 

[0 0 5 0] isfctc, ^M^A^nf^M i LT, ±E 
50 «*m# (I+AI Tl 9 ) +j (Q + AQ.. 9 ) ^ 



[0 0 5 1] *f. ±!E$*Hf-S§- (I+AI e ) + 
j (Q + AQ,. e) ^±8*4:7^^^ 3 0tC«t|&^ 

1 + jO, P k =0+j0 (k*0) kftZX 9±IE7 

^w«8H (Tu> +a^jSjffiSB3 1 0 (xommmmti 
mm®mmt Ltta^^«Tu u = o) t& 

5 i •? ±ie*iWSl5 3 1 1 1 lei ^cot 

t< mm^mmu3 1 \a*±nmmm%- (i+ai 

».-.•) +i (Q + AQ v . e ) t©-b©^§ti5 

[0052] ±W,ft&}~y>-tf;i'Mm (Tu) +a-5r 

^SSiSfi 3 10 0 WiSSgW^T u + a CO a co^ffll±*HU 
fMtSv) *fc, ilESf^iS^SB 3 1 0 

3 , 3 1 0 4 ii, mm-(otz.ib\c 1 \si<D?t.(Dmftmw.$;m 

[0 0 5 3] Z<Oti}M&fe#:mi£%i\<*X, OFDMff-S- 
lit SI v'>*>»f^T u COta^^- 1-ailTg £ L 

10 7<7}ffi7J {2 (Sh+Sqq) } 2 + {2 (S IQ O 
or) } 2 H 0 7_jpa tottj; 9 ^%mti<Dte&^> 

ffiBHf# (Sii+S Q q) , (SiQ-SQiT^felHa^ 
^i^JH^^ftiJBE^nS (S ir +S QQ ) , £ (S IQ 
-S Qr ) <k*?K *&*C2*«*i:aa||CS:*SJxfc«»- 
{X (S„+Soq) } 2 + {£ (Sxq-Soi) } 2 (J£A 

[0 0 5 4] r<D#I-C(3:, fc°-^*#£f±ei£>'>^ 
^flUBT s-C^/jNjCHi-J-a, o^«9, S^t-^^ 
MteG^yistfjl-mMT s(D2fgrC'2T s T'fcSo £*X 
H ^^^^^5 3 1 0 3, 3 1 0 4K:&^Tlia<D#.£> 

tt^^w^fetr— ^«r*au, is 7 (b) 

JWrtcoffiOl/^^OfiB^r^-t'-So IS 7 (b) ^ 

[0 0 5 5] fclc, ±B*«b->'>*yU»IWI (Tu) -ha 
^TSEiiiStt 3 1 0 0 tt, jliefflWidSTu + o 3 
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SB3 1 1 lk£ZQfflffl£tlZ> 0 Z<Oi§&. ±IEJD*S3 
107com^ (2 (S ri +S QQ ) } 2 + {£ (S rQ -S 
qz) } 2 tt, 0 7 (c) tc^fi 51- tf— >t«rfc*l^ 

35 3 1 0 8teCI<7>lf-*H::fc: 0 ~ ^SjRv^r.t^6«l*B(ifp 

[0 0 5 6] ilE^v^^u&K (Tu) + 

a *T3Kiig«5 3 10011 JBSJHBB^T u + t ( a = 
t) t*5J:5±1E*J»»3 1 1 ilc±5#J»Sfts 0 
10 "£<0»-g\ ±CttlJH£3 1 0 7<Dm*> 12 (Sir + 

S qq) } 2 .+ {£ (S IQ -S Qr ) } 2 (1 0 7 (d) K 

[0 0 5 7] Z.<DmV&* t°-^^t ZteGmi/^tf 

ffl«e-36v^>^/UjaWT s "<02fflF"C2 T s "CfeS, CljX 
Jl a^tSSPJfB3 1 03, 3 1 0 4l(C33\,^Xl\3\<Dfy<D 

cot 8 — ^o«jww:eafcs^v#/uj«ji)iT so3ew, o 

ttio«BB«#^fe tf— ^^fflU gj7 (c) 

^as3 1 1 'o^t«^$ttfc*a&tiSjgft^sis^ 
fcftsfitffiis^it^ttfl' ^mjw3 1 1 

30 [0 0 5 8] «±<7)£5^> ±E*J»»3 lllCiJ 
0 ^ a ^ 7 ^ttH"C±IE*j»v'^3ER^MBIIB (Tu) + a 

■"5i3Eaj6S8 3 1 0 o<Dmmnmmw£titi^ 

mm -«Hr»3 1 0 8ttft«fiftfc«B,' c ^' & 
Wolt^7^7U#««C«*«3 1 0 9{CM$tl5o 
[0 0 5 9] ^^T% ±RjS««*r*fl«<^tg«ifcA<D 

itf-CSSo <fcoT, 7^u?«ft«t»3 10 9tt, 
5 ^ y LjgfS ^ « 3 0 tc^fc|&-r 5 Q 

ffl^ftT^^LMS (Least Mean Square ) T/UrfyX 
A v R L S (Recursive Least Square) T )\>z$ ]) XA<? 

[0 0 6 0] W±co c t a> & , ^IS 1 ^jBfe*OfBffi^ <t 
50 19, ^u^^fiagKtc^i/N-c, JSi!IttligiL 
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[0 0 6 2] ^(DWim^^^Xit^ ffi$L<Dfz*b 

IftK^/u^ < * ^ ^ - v> v ^es& &g *3 ^ T t> [51 c i 

■[0 0 6 3] mm&^ji' i ?-'<x&toto<D&&i±. ± 

ER!B©±5t, aJES^-r^*<B3 O^40JBWa:jSttJI<o 

[0 0 6 4] t *.fc, ±IEcoj:5^ ; S]ffll9:^figOc!rt 
*<, — »atv^JM|IB (a=v) a»b£t'MIH] (a = 0) 

[00 6 6] 4*:, *HJ6?gffiOsaM(c*5^T«:, ±IE 
iil67-f/u*ft3 OO^ii: IT F I R^j/UffcXZffi 
ric«r*L.'fcj6*, I I R7>f^|:i5i^ SfcteF I 
R7^;^tl I R7^^^fi^tlcJ:.S»^ 

[00 6 7] **««ffico±5»-, ®&StJ£ffi^3 1 t 

(t>Tg) @^&^®®fet^tBgR3 i <t^r£: 

5£B3fiB t K^y^^uMTg^rt ( t ^Tg) 
<Z>i5J6iK*i£^^k»^ 3 K £ 9 1*jEi-a»fPt?1>"5rft 

[0068] (mwmmco&m msn y 
[0069] z<Dnm<DBm<o±ftffii&&.*mi 

i§i£B#rai$Ui8l5 3 112, 7jsl>*&mft£.1ft3 1 1 
3, »»«SSft»3 3 Aici 9**Sft5«S»a^i« 
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H4fettiflS3 112, 7-f/^*««f*±«3 113, «JK 
*Mk»3 3 1 lei 9«jS^ix5«f|5^co^Srltt?qi-So 

[0 0 7 0] ^tfcfcH • «««B 3108 OftttttAtt 
**«S6«Fra»ffl»3 1 1 2*c«»Stta 0 ::<7>&;*:i§ 
B§R»nMtUffi3 11211 ^/-K>fy^V«ngrt 
^*3»tSjB«*0**:»Jgl*Mtniax ^ffif^tO 

-c% *oj»*«:7-r/u^«*«flfe»3 i i 3tzw&£ft 
6 0 ^<r>? 4 )\s$tmt&$L%z i i 3d, ^d^MW^Wi 

rraax fca|-3v^-Cf|-CRM1-**»Wb<e 3 3A<OiW 

£riti-at*>-e, *^»jwflr*w:±ttt6»wt«3 3 a 
sf/aKiiiifffl(o«iii«f *c«3»*na. 

[0 0 7 1] ±lSift^>fk8B 3 3 All, fllilfi, m 9 \Z. 

fcifi»«Wk«3 3o4tM7-r^a5 3 3 2^"5jaE«B|7 

2C [0 0 7 2] ±m^mm^^^^MB 3 4lt #Jx. 
. {£, Hl.OIOTti 5 «„ El 1 0 ICtjvT p]-^ 

ffiffi7<<;\>?UZ 3 4lt n- 1 fltf) 1 ^^yugj&gg ' 

do, d lf -d Cn - 2) , * v^&mm^ti^ti 
Po , Pi . -p„- a <Dnm<o*y? mmrnw^) p 

o , pi , -pc„-i) , RX$M&&3 3 4 0 

FIR (*BR«-< W^^jSiff) 7-fyU#(©«*Sr2i 

[0 0 7 3] -r^-hib, -^^^^^eiftKt-fev^r, * 

^*tsoFDMawiSK-cji, «»«wt«^*3i^r/e 

i^KJS#H / (n,k) = {H(n,k P ) + N (n, k R ) /X 
(n.kp) } G(n,k) *:itft"t-«i4:»c:i9aae*K:J:6- 

[0 0 7 4] L^L^^e, ^tC, ffiC/N^, 
®B#r«1 t max K>f V#^</maJBT giO/h^^ 

(rraax <Tg) <t#Cfl ±f£-ei^K^^M^fS:(C 
^lt5/-YX^^f (N(n,k P ) /X(n,k P ) } G 
40 (n.k) 3A^*<«0\ «««S<0*<t^*C5o 

[0 0 7 5] -erT\ ft^jgjffi^ t max ^rl^tti L, jfe 
^^ka^^^S*W^>r^^ffiOii®^«*S^ tmax 
/Tufdftljai-rs^tfCj;?), S^igjg^Tinax 25^' 
— K>f>^^VUJHMTg i «9/Jn$1^ (Tmax<Tg) t 
50 #Ki33ir^-C, ±9«M4«Wb^«i48 0 
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[0 0 7 6] ±lEO£?K:S* 
aa§BMBt»ffl«3 l l 2^±0^-K-Y v^/nVu«BBt 

max<TgOl^, :7*^flSft*£«3 1 1 3 *C*3 

^rprae»ra-7^yu^«3 3 4©iiia^£tgawniax / 

TuStliTg/TuJ:!)/|^ < ftSipWyT'ff* 

■ *«MWf 5 # 5/ y&Mmwm * 5 ± 5 «c l -c ^ 

[0 0 7 7] *!2(D|»«I(a 

P^TgW ( x $ T g ) X\ g^S^iSS^I t ma 
x ^#-K^>^VU^Tg (tmax <T 

[0 0 7 8] ft, ±ERM*c*5l^-C, HBgOlHlSSiif^NF 

i4H-#*£§c&^t-5 0 

[0 0 7 9] *»W*c*5V^-Ctt, ±epTK*IB7 

•<<vu*«*3 3 4<75^Jt"LTF I Ry^/i-fltC 
t^L/c^, I I R:7^U*td±.5«/£, 4fcf4FIR:7 

^"Ct IB*#»fM* pTttfc w i 14 W 5 * "C ft W- ' 

[0080] &mmmm<n x 5 as^M t f 

S^ffiSl53 1 £®£:7^/i^gtf 3 oi**&'*j«Sti*» 
i 9 4fliEU «i£B*W r ri 5 #-F>Y >*s</lsmmT 
g^F*l (rSTg) ^oa^&^aS&^a^3 1 ctiSiS 
^/u*SB3 0 h1&mm\M3 3 Ai^M*ti59 

' i 19 wiE-r saft^t wtB-e *> a a* ssb#pi t a* # 

— F-Y isfs^mtoT g rt^Q»iS*S:iljS«tftfflSP 3 

STg) <a«JES£iiffittfcfflW3 1 £«Jf£«Ht«3 3 

[0 0 8 1] (JB3C0HJfi(O?gffi) Hi 114, *38Wfw 
#^13 <oSHto»HBlc*3*tao F DM«W3£tt<z>fl|/# 

[0 0 8 2] w(OHJS(D^^CD^fls:«|^t4, illOfl 

T, 2Sfii»j|»3 1 0 5, 3 1 0 6<D&teV fcfftfcMt 
*»«B3 114, 3 11 5«^«Cftot^ 

s 0 ^©{tiio*/£i4, mi<Dnm<D&mtmc-?ibztt 

»lCO||jffi^lgOOFDM«Hig»OjDj»S3 
1 0 7<Dtiit}7bi | £ (S ri +S QQ ) | + | 2J (Sxq-S 

[0 0 8 3] («4<O%jK<0«tt) 01211 **0Jtc 
« 6 * 4 OH*<OJB«*C:*5«t 5 O F DM«^gI(^S^ 



(10) 4$Bfl¥l 1-298434 

18 

[0 0 8 4] iOH*(0?|gJ!8^^f*:*^tt, 0 8lC^L 

tern 2 <Dmm<Dj&M<Do f DMiagi^M^^^ 

T, 2IHfii^g : I53 1 0 5, 3 1 0 6©St>!3|:te*ffi 
St]tft3 114, 3 1 1 5riS^3ftfc*/£KftoT^ 

»2O||jteC0?Bffi<^0FDM«a3gllOjpa[Sg3 
10 7WfflM|£ (Sa+S QQ ) l+l£(S IQ -S 

[0 0 8 5] KU:, *«Wfil«5JBl^e>*4(0||J6^ 

^K^gfl 3103, 3104 (4, #Ix_fi, HI 1 3 KL'TMr 
J:5^t«^-e#S 0 0i3f4, fiiS^^^L-W^Ts 
WSiS^ Tl , T 2 , -Tovo ©Ml, &WJPJHS3 
116t^6ft5FIR (#BR«>f W^^JS*) 

ft£o 

[ 0 0 8 6 ] 

^«*«*0*Ll ^bS:«fPi-5 - i Ot# 50FD 
30 [0 0 8 7] **2©«Wfcift«, . 

g) T% ®^oOS^:ilMB#W t max K-Y 
/HHKlTg±9/h$^ ( T max<Tg) <fc#te*a?fc« 

[Hi] **M^«-5»l<0Sllfi<0»«^*3*tSOFD 

40 [0 2] mi^TOFDMmwim@:<Dm^^^^t^ 
[03] 0i*c^-roFDM«ag^aco®^S[^a5o- 

[0 4] 01^t"OFDM«W3SKOife?B^tSl5<O— 
[0 5] B4^t-«^^tfflol#ffi^^/u^ttco---«»J 

[0 6] si^-foFDMmss^e^A^^nsm-^ 

50 [0 7] Hlfc^-t-OFDMfflSHSBcoKif^fliJSr^-t" 
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[08] *«M*c:«5»2<7>Sllfl6^»IBlcl3«tSOFD 

[Bio] m9^irmmmtf^<Dmmy^^^u<D— 

[01 l] **WK:«5*3(0**<o^JB*c*3^50F 

imi 2] ^ftw^mzm 4 <nnmmm^&rtz> of 

[014] «*<0O F DMOgl^^t^P j, 
[0 15] O F DM(f#(7)7^ — ~v h^tta 

[016] t$*^o f uMmmmm^m^^'tzfxn y 

^[H]SS0o 

d o - d c«- 2 > - 1 f-^^a^ 

To ~ r ca-D -"ffi^^^if? 

To -T CM ) - ie26->^#yuJHIB»ffi« 

1 0— I F FTgtf 
ll-I FFTjRJMB 

13-ac*SCIWB 
1-4 

2 0-iti*»» 
2 1 

22—FFT8B 
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2 5 
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3 1 
3 1 
3 1 
3 1 
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3 1 
3 1 
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3 2 
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3 3 

4 0 
4 1 
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0 5 
0 7 
0 8 
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1 0 
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o-«m»HtjKI|[A 
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2 0-JolHS 
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#a t * Mcffilr £ £ t &tm t -TZ O F D MfgflgB. 
[fj^i]E2] 

[ttiE**fe«««] mm* 

WtiErtS] 

[AMPS 2] BEfeoStf. ffiffi&tfffAttBoi&flHMI 

»c *a > jR/ujh m *t l -c isisiM k mm. # l -e 

ft?J«f -f-KS^ ^TMf2M2&tt&#M?-5«M 7 * /u* 

mrffio f DMJf-g-£ A;ftu a (taiaaw) ^fflm 
£ *5gfiS?t> HtifEO F DMfit £ milEaEig.^ 

if Biiaw^awm^kMiao f Divnittti^hT 

FDMSiii, 
[3M**tIE3] . 

[IS*«3J U&i^lg*!, &ffi&tf*fA{iB<£>j&mg2p 



*MtP«#fc*^ '-CBWEltJEttSrWMi-SMM 7 -r A'* 
rcDtiM^^yu^^awm^^.ib^fx- 

wfflMjSS^^53J£ig®^a> 8trlEOFDMft-§-iM 
so=, i»iEttB8iSW#a«>ai**»e>ffireoFDM«-9-»c 

SrfW»«# * * * . WfEiglfc 7 -f /u* #a ic tbj^-f 5 £ 
StL-Cl/^^f— K-T >-^^</i-WMWrtcoil^c75SA« 

tSOFDMiSPgl, 
[^»*liE4] 

IffilEM&mB*] 0 0 2 1 
[0 0 2 1] 

ja-e*sffi&ja«»:»«#*3Eiiflr t<t6o f dms* 

*&%ftm\t -^t-S^V^T, H«fSO F DMlf 7 ^ 

(Stti^fr ATiU a (llottfii;) ^J!lffl!i£gi^Li2 
ECMiLfc ffiav^rtOMBM+ a ©«8P»1ii^*53I 

»IH*IIE^a<OUi^*»e)iiJKO F DMft-S-JcSiSn-C 
t^*M!lE5] 

IiiiE*f^iSS^] 0 0 2 2 

[0 0 2 2] ±»«!JHS:«!*L*2 0i«jS:*fi!ii-5fc 
*l6W^50FDM^38igBl±, K*o«oStS, 
ffiffi&trtf AiiKwiS^SllilS^s^ibJflftaWWroiS 



(16) 



«Hffl¥l 1-298434 



JR^«IB«)**»6*« SHH3# i.S)If-^ taut 5 
* <DffilE&ft 0 1&B9ffc^& b , mffgOFDlvUf-SI- 

£A73L. a (tL^ttft) Miig^^a^ 

^A^BulEOF DMif^-lcfig^tuTi/^^— K-f 
[MiE^JSg^] 0 0 2 3 

[0 0 2 3] ±eWM&^Ufa&V«20>Baj«r|lI 

(4. u*p<oiR*, ffiffi&uWAffiflirojSflraiiiMi**^ 
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Jljfi^fl^fi^PHf^SOFDM^f^A^L, jg 
(cS'Sv^TBiIiEOFDMif ^-Sr^-f^^ !) Sigjfc 

^^ib^t^-^ic^t-se^sg^^^L, sit 

5BE»iS^a. S5IEO F DMft#t BtFl£3M«IS#aw 

SL#a<oai73*»ejSJfeoFDMm-§-fc:fis^tb-cv^ig 
i5fEOFDMm-§-tcfis$nT^s^f— 

&mm^fkbZMrffi'rz£?\cLiz. 
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